The concrete mix is one of the most common materials used in building structures. Starting from 1 July 2018, concrete for construction purposes in Poland must be produced as a part of the Factory Production Control (FPC). A literature review as well as a study of current control practices among the ready-mixed concrete suppliers and an expert survey has shown insufficient preparation of the Polish manufacturers for developing the FPC as a tool for monitoring the quality of concrete production. To deal with this problem, the authors developed an algorithm that shows a group of logically related tasks which are critical to success and may provide manufacturers' guidance in implementing the system in a particular case.
sustainable use of natural resources. Therefore, the quality of concrete used in the construction of structures is of key importance for the users of these structures.
Until 31 December 2016, the highest industry standard in organization, technology and quality assurance in production was confirmed by the "Good Concrete" quality mark awarded by the Polish Association of Ready Mixed Concrete Manufacturers (SPBT) (currently held by 80 concrete plants) and/or the Factory Production Control (FPC) certificate (currently held by 74 plants). Relevant qualification procedures were usually followed voluntarily by large and state-of-the-art production plants boasting good equipment, competent staff, and implementation of European quality control procedures. According to (Z.B. Kohutek, 2016) 1 , about 700 concrete production plants in Poland has undergone no external verification of any sort, with more than one half of these plants being unable to meet the new requirements certified bodies' requirements and develop an algorithm that will be helpful in developing of the effective FPC system in a concrete plant.
Methodology of research
The research was commenced with a literature review on requirements of the FPC standards in building industry as well as quality assurance standards. Then an expert survey was conducted in the form of freely directed interviews with experts -members of managerial staff of a concrete plant to study control practices used in manufacturing of ready-mixed concrete. The research was completed with an examination of the existing FPC systems with the aid of participant observation of the organizational units of the quality management The main objective for it is to ensure that the customers will receive the products with stable parameters compliant with the requirements of the PN-EN 206+A1:2016-12 standard as declared in the reference document (declaration of performance characteristics).
The requirement of implementing of the FPC for ready -mixed concrete suppliers has been imposed in Poland at the moment of its becoming an EU member. However, compliance with the FPC requirements turned out to be challenging for many manufacturers. Problems consisted e.g. in the lack of guidelines regarding the recording of activities (J. Deszcz 2015) 6 . A guideline for factory production control for construction materials construction/non-construction use). Table 1 lists the manufacturer's actions that need to be monitored as part of the FPC system according to PN-EN 206+A1:2016-12 and expert survey.
The algorithm, elaborated by the authors, identifies necessary stages to develop the FPC system in a concrete plant, regardless of a usage of concrete. These stages are shown in Fig. 2 . Additionally, the concrete standards' review and the expert survey revealed these aspects of implementing and maintaining the system which may be considered as problematic.
They have been analyzed below.
The role of preliminary tests of concrete products as described in Appendix This may result in the system being too bureaucratized. As seen from observational studies, the control procedures for ready-mixed and hardened concrete as well as the specifications of testing equipment are largely based on the requirements of the standard. The description of the procedure may only refer to the standard instead of quoting its contents. However, valid copies of the standard should be available at worksites. What's more, manufacturers of ready -mixed often increase the specificity of the general standard requirements to increase the applicability of the system used. In such cases, additional requirements set forth in FPC documentation must also be met and taken into account in conformity assessment. The meeting of these requirements should also fall within the scope of the audit performed by the Means to assure the manufacturer and the customer that the product of inappropriate characteristics will not be used in a building structure FPC system checkups Definition of the frequency and principles of system checkups Assurance of proper functioning of the system and of the possibilities for its improvement.
certified body during the preliminary inspection of the production facilities and the FPC system as well as during annual supervisory inspections. frequency. According to the literal interpretation (i.e. non-overinterpretation) of the standard, it follows that the accredited body (and its auditors) as a party in the process of assessment and verification of the stability of performance characteristics has no grounds to request the establishment of a specific frequency of FPC-related trainings. It can, however, request that every employee involved in the operation of the system, has at least once participated in such training and that records are available to confirm this participation. Individuals employed after the FPC system had been implemented should also undergo training before taking up their duties. According to the authors' experience, the awareness of the nature of factory production control among the plant employees is much higher if supplementary/refresher trainings are offered in a regular fashion.
Continuous improvement constitutes an important element of the FPC system. This requirement is difficult to meet in Polish concrete production plants since they usually lack the tradition of organizational improvement. Hopes for potential improvement are usually associated with the purchase of new technologies.
Conclusions
In spite of the in-house character of the system, implementation, maintenance and certification of the factory production control (in the case of construction concretes) is a duty of a producer of ready-mixed concrete by the Polish law.
Since 1 July 2018 declaration of usage properties of concrete by a supplier may take place only on the basis of the conducted factory production control. More difficult (because of definitely a higher formality of actions) will be a confirmation of the quality of ready-mixed concrete.
The algorithm, worked out by the authors, identifies stages needed to do it properly.
It may be a basis for an analysis of the required documentation and the determination of the needed modification among suppliers of concrete for construction or non-construction purposes.
